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Introduction
When high-school graduates decide between enrolling in a university and starting to work right away, they likely consider both the returns to a higher education and income uncertainty associated with both alternatives. Consequently, taxation should be expected to play a role in the university enrollment decision, in that it influences both net income levels and risk.
To estimate the impact of tax policy on enrollment rates, we develop and estimate a structural microeconometric model of the university enrollment decision. A high-school graduate chooses to study if her expected lifetime utility from an academic career exceeds that anticipated from an alternative career. Utility in this model therefore depends on the ex-ante expectation and variance of net income; we estimate both values for each high-school graduate for the two alternative career paths, based on information available at the time of the enrollment decision. This approach avoids a reliance on ex-post income realizations to explain education decisions, as in some prior literature, which has prompted some criticisms (Cunha et al., 2005; Cunha and Heckman, 2007) . We take into account non-random selection based on multiple correlated criteria. The structural parameters that we estimate include the Arrow-Pratt coefficient of constant relative risk aversion.
Germany provides an interesting context in which to study the interaction of taxes and university enrollment, because the enrollment rates in Germany are considerably lower than those in other developed countries, and the environment is marked by comparably high and progressive taxes. According to the OECD (2008), 35% of young Germans will enter tertiary education (university or university of applied science), compared with an OECD-average of 56%. 1 Are the low enrollment rates a consequence of too low after-tax returns to education and an income risk which is still considerably high?
In contrast with the existing literature on education and income uncertainty, we explicitly model taxation by integrating a microsimulation model of the German tax and 1 No standardized system for job qualification exists in the OECD countries, so the same job may demand a different form of training (e.g., apprenticeship, university degree) in different countries, thus these numbers should be interpreted with care. social security legislation. After having estimated the structural model of university enrollment, this allows us to simulate the effect of changes in the tax policy on the decision to take up higher education.
Although the focus of this study is income risk, we also include two other important sources of risk in the model: the risk of dropping out of university, and unemployment risk, which is much higher for non-academics in Germany. Furthermore, we control for the possibility that would-be university students may face credit constraints by including information about their financial and social backgrounds. To conduct our analysis, we use a large, representative, panel data survey, the German Socio-Economic Panel Study (SOEP), which not only provides detailed information on the working-age population, but also on financial resources, social background, and high-school achievements of high-school graduates.
The results from the estimation of our proposed enrollment model are consistent with expectations: Higher expected risk-adjusted returns from an academic career path in comparison with a non-academic career path increase high-school graduates' probability of enrolling in a university. Furthermore, young people are moderately risk averse when deciding to enroll in higher education. Consequently, higher income risk associated with an academic career path discourages potential students from enrolling.
We apply the estimated microeconometric model to simulate the effects of two hypothetical revenue-neutral flat-rate tax reform scenarios on enrollment rates in Germany.
The two scenarios were defined by Fuest et al. (2008) , who analyzed the effects of these flat tax reforms on the income distribution and on labor supply in Germany. This study adds to a more complete picture of the effects of a flat tax by investigating its impact on human capital formation.
The simulation results indicate that a revenue-neutral flat tax scenario with an unchanged basic tax allowance would significantly increase the cumulative probability of university enrollment for male high-school graduates by 1.8 percentage points (five years after their high-school graduation), which corresponds to a relative increase of 3.1%. The incentive effect, which arises because a flat tax increases the expected net income of academics with higher income, outweighs the reduced insurance effect, which is caused by an increase of the net income variance. Because of their lower expected wages, the incentive effect of the revenue-neutral flat tax is weaker for women. Consequently, the flat tax scenario with an unchanged basic allowance would not have a significant effect on the cumulative enrollment probability of female high-school graduates. Heckman et al. (1998) analyze the effect of similar policies on human capital accumulation in the United States but without considering wage risk. They find that switching from a progressive tax legislation to a flat tax system increases college attendance, an effect they ascribe to the lower marginal tax rate for higher income in a flat tax scenario compared with a progressive tax system. Recent theoretical literature on income taxation and education also notes the role of wage uncertainty. For example, Hogan and Walker (2003) , Anderberg and Andersson (2003) , and Anderberg (2009) develop models of education and public policy, including tax policy, which as a key feature consider that education may change the wage risk. To the best of our knowledge though, this paper represents the first empirical study of taxation, wage risk, and education.
Literature pertaining to the effect of uncertainty on the decision to pursue a tertiary education, without an explicit consideration of taxes, dates back to Levhari and Weiss (1974) . They introduce a two-period model, where in the first period the choice between getting schooling or going to work is made, and in period 2 there is only work. The payoff for time spent in school is ex-ante uncertain but revealed at the beginning of the second period. These authors find that increasing risk, i.e. the variance in the payoff for education, reduces investments in education. Subsequent studies by Eaton and Rosen (1980) and Kodde (1986) build on this model and similarly conclude that uncertainty is a main determinant of the decision to invest in education. Hartog and Serrano (2007) analyze the effect of stochastic post-school earnings on the desired length of schooling and find that greater post-schooling earnings risk requires higher expected returns. Explicitly modeling the choice for college enrollment, Carneiro et al. (2003) reanalyze a model introduced by Willis and Rosen (1979) by accounting for uncertainty in the returns to education. They reveal that reducing uncertainty in returns increases college enrollment. Although these models differ somewhat in their conceptualization of risk, they all essentially consider the effect of changes in the variance of the post-school wages and find that more risk in the returns reduces the investment.
A related stream of literature investigates the strong correlation of higher education with parental income. One explanation posits that the possible presence of credit constraints, such as in form of short-run liquidity constraints, prevents children from a poor financial background from covering the expenses of higher education (e.g., Shea, 2000; Kane, 2003) . Other studies argue that it is not credit constraints but rather other factors, partly captured by measures of credit constraints (e.g., parental income and education), that determine university enrollment (Carneiro and Heckman, 2002; Esping-Andersen, 2008) . They assert that it is the effect of long-term factors that may promote cognitive and noncognitive ability of students, such as parental time or the purchase of market goods that are complementary to learning, that promote academic success in school and ultimately university enrollment. An ongoing political debate also stresses the importance of credit constraints as a possible explanation for low university enrollment rates. Therefore, most policies designed to increase enrollment work to overcome credit constraints such as through student aid programs.
The remainder of this article is structured as follows: In Section 2, we introduce our model for the university enrollment decision, followed by a description of the data in Section 3. Section 4 describes the wage and variance estimation, before we describe the econometrically estimated results of the structural enrollment model in Section 5. In Section 6, we present the simulation results for the flat-rate tax scenarios, then conclude in Section 7.
Modeling the University Enrollment Decision
The university enrollment decision can be modeled econometrically in a discrete time hazard rate framework. The sample 'at risk of enrollment' consists of high-school graduates who left school with a university entrance qualification (Abitur or Fachabitur) 2 , have not yet started studying, and are between 18 and 25 years of age, which is the usual age range for university enrollment in Germany. We model spells in yearly steps, such that the enrollment decision is made every year. A hazard rate model has the advantage of consistently taking into account censored spells, which refer to people not fully observed in the relevant period of their lives. 3 We establish the model as follows: After obtaining an Abitur or Fachabitur, a highschool graduate rationally chooses to enroll at a university to pursue an academic career or to start working right away. In the latter case it is assumed she will first take an apprenticeship, if she has not already finished one. Our model captures the choice of 97% of all German high-school graduates, because only 3% choose to neither go to college nor take up an apprenticeship (see Heine et al., 2008) . When making the decision between studying and working, a person is forward looking, i.e. she calculates her future utility gains of a university degree. Individual i in observation year t decides to undertake tertiary education (δ it = 1) if the expected utility of lifetime earnings is higher with a university degree (lifetime utility V 1it ) than without (lifetime utility V 2it ):
0, otherwise.
(1) Lifetime utility V sit in both states s ∈ {1; 2} depends on the discounted sum of the periodspecific utilities U (y siτ ) in each future period τ over the lifecycle, which are determined by future income y siτ , which is ex-ante forecasted by the high-school graduate. In addition, V sit is a function of the current characteristics x it of the high-school graduate at the time of the enrollment decision as well as of the duration since her high-school graduation d it . These variables may shift tastes or costs with respect to university enrollment. The lifetime utility thus can be written as
where ϕ s (d it ) is a function of the duration since graduation (baseline hazard) 4 , γ > 1 is the time discount factor for utility, and ǫ sit captures preferences for enrollment known to the members in the sample but unobservable to the researcher, such that they are treated as a random variable.
We also recognize y 1iτ and y 2iτ as random variables from the perspectives of both the high-school graduates and the researcher, because future income is uncertain. In this model, we assume that people know the probability distribution of their future income for both career options but not the future realizations.
The vector x it notably controls for credit constraints, specifically, student aid eligibility to directly control for credit constraints, and parental education and parental net income to capture long-and short-term credit constraints indirectly. We simulate the eligibility of a high-school graduate for student aid, according to German legislation, by taking her financial resources into account. If a potential student cannot cover at least her living expenses by drawing money from her own wealth or through support from her parents, she is eligible for student aid. In addition, x it includes the age at which the person finished high school, whether she has no, one, or more than one siblings, if she has finished an apprenticeship, her high school grades in math and German, and her individual intention to pursue a university degree at age 17 years. Furthermore, the explanatory variables include gender, regional, and time dummies.
Beyond income risk, we assume that high-school graduates are aware of the risks of unemployment and dropping out of the university. Unemployment risk varies by state s. When unemployed, a person receives unemployment benefits at the unemployment benefit rate (U BR) set at 60% (67% for parents) of the net wage the person would otherwise receive. This value represents a moderately simplified model of the German legislation for temporary unemployment. 5 The assumption is that agents expect potential unemployment to last no longer than the period during which the unemployment benefit can be received, usually one year. 6 Drawing on figures reported in Hummel and Reinberg (2007) , we assume university graduates in Germany face a yearly unemployment risk of risk u 1 = 4%, whereas those without a university degree, including university dropouts, have a higher risk of risk u 2 = 9%. Taking unemployment risk into account reduces expected wages in both alternatives, but more so for the non-academic career path because of the higher unemployment risk. Income adjusted for the risk of unemployment (y u ) then can be written as:
In general:
For university drop-outs:
The risk of not finishing the university successfully can be modeled as follows: A student who drops out suffers a deduction from the gross income she would receive as a successful university graduate. The dropout risk in Germany is assumed to be risk d 1 = 18% (estimated by Glocker, 2009), accompanied by a wage reduction of ψ = 21% of gross income (see Heublein et al., 2003) . A university dropout thus receives adjusted income
For the non-academic career path, risk d 2 = 0%. While unemployment is modeled as an independent year-to-year risk, the dropout risk refers to an entire lifetime income path.
Accounting for unemployment and dropout risk, equation 2 becomes
To evaluate this equation further, we have to take the expectation with respect to the random variables y siτ :
The expectation of U (y siτ ) can be approximated by a second-order Taylor series expansion around µ siτ = E(y siτ ):
where σ 2 siτ = V ar(y siτ ). We must specify a functional form for U (.). In the following, we assume a constant relative risk aversion (CRRA), as in Hartog and Vijverberg (2007) , which implies that the utility function must satisfy
where the parameter ρ is the coefficient of CRRA (Pratt, 1964) . 7 The utility function we 7 Alternatively we could assume constant absolute risk aversion (CARA). The advantage of the CARA utility is that a closed-form representation of expected utility exists if y is normally distributed, and no Taylor approximation is needed. Prior literature prefers CRRA though as the more realistic specification, as exemplified by Keane and Wolpin (2001) , Sauer (2004) , Belzil and Hansen (2004) , and Brodaty et al. (2006) . choose satisfies the CRRA condition and is increasing in the money (U ′ (y siτ ) > 0):
This specification therefore implies a risk preference for ρ < 0, risk neutrality for ρ = 0, and risk aversion for ρ > 0. The structural risk preference parameter ρ will be estimated econometrically, along with the coefficients of risk-adjusted income α and the control variables using the maximum likelihood method.
Plugging U (.) and its second derivative into the Taylor approximation (equation 7)
enables us to evaluate equation 6:
where W sit is defined as follows (ρ = 1): 8
The parameter α > 0 reflects the weight of the risk-adjusted income in the enrollment decision. For α > 0 and µ siτ > 0, the equation implies that for risk-averse agents, expected lifetime utility decreases with greater variance of income, whereas for risk-neutral agents, the variance does not matter.
Referring back to equation 1, the probability of enrolling in higher education equals:
where β = β 1 − β 2 , and F is the cumulative distribution function of the error difference 8 When ρ = 1, W sit can be written as:
ε 2it − ε 1it . The likelihood function therefore can be written as:
where T i is the set of years in which individual i is observed.
To estimate the model, we next need to specify the cumulative distribution function of the error difference F . Following McFadden's (1974) random utility model, we assume that the error terms ε sit are type-I extreme value distributed and i.i.d.. As McFadden shows, F is therefore the cumulative logistic probability distribution function.
To predict the future wages, we make several additional assumptions about the two different career paths. The first assumption relates to income while studying at a university. We assume that it takes five years to graduate, which is the approximate mean in Germany. Because students generally receive monetary transfers, whether from their parents or as student aid from the government, assuming no income during university attendance would be unrealistic. Instead, we assume that these transfers equal the officially announced minimum cost of living, which each student is entitled to receive according to German legislation. During the observation period, these costs were 565 EUR per month (e.g., Deutscher Bundestag, 2007) . We distinguish between students who receive this income from their own or their parents' wealth and students who rely on student aid.
Although the amount of income remains the same, transfers from parents versus student aid are subject to different repayment rules. We therefore assume no repayments if the income is drawn from the students' own or their parents' wealth, whereas students who draw money from student aid must consider repayment obligations when calculating their expected lifetime utility. The German Federal Training Assistance Scheme states that half of the amount of student aid received must be repaid (interest free) as soon as the borrower's monthly net income exceeds 1040 EUR. The other half is a subsidy. We model the eligibility and repayment rules for student aid accordingly. Furthermore, we realize that many university students work in some kind of part-time job. As university students already "work" full-time on their education and additional moonlighting further reduces leasure time, we assume the additional utility from this moonlighting is small and can be neglected when comparing lifetime utility between the academic and non-academic career paths.
Data
This analysis is based on the German Socio-Economic Panel (SOEP) which is provided by the German Institute for Economic Research (DIW Berlin). The SOEP is a representative yearly panel survey that gathers detailed information about the socio-economic situation of (currently) more than 21,000 persons living in approximately 12,000 households in Germany. Wagner et al. (2007) provide a detailed description of the SOEP. This analysis draws on the most recent waves (2002 to 2007 9 ). One of the advantages of the SOEP is that in addition to the information collected in the annual interviews, it provides retrospective information about the respondents' youth and socialization period, such as school grades, which are important control variables in the university enrollment model.
We estimate the university enrollment model for the subsample of secondary school graduates who have obtained a university admission qualification (Abitur/Fachabitur) and are between 18 and 25 years of age (1,144 observations). Table B1 in the Appendix lists the descriptive statistics about these potential university entrants, and Table B2 shows descriptive statistics for the full sample used to estimate earnings. We estimate level and variance of wages separately for men and women because of the well-documented differences in male and female wage equations. All monetary variables, and therefore all monetary results, are deflated by the Consumer Price Index (2000 = 100). 9 The 2007 wave is used to obtain retrospective income information for 2006 only.
Estimation of Expectation and Variance of Earnings
The first step in our analysis of the enrollment decision is to predict individual wage profiles and the variance of wages over lifetime in the alternative states, with and without university degrees. In this section, we present the wage and variance estimations, which are based on the full sample of working-age people.
Selection
To control for selection effects in the earnings regressions, we apply the Heckman-Lee 
with
The second selection equation models the person's decision to work:
The vector z 1it includes only information that is available to the person at the time of the enrollment decision, such as most recent high-school grades in German and math, the degree to which parents showed interest in the graduate's school performance, size of the city in which the person grew up, parents' high-school degree and employment status, and whether the parents were born in Germany. The vector z 2it in the work participation equations features relevant contemporaneous information: age and unemployment experience (level and square terms), region, education, unemployment rate in the region,
year fixed effects, and whether the individual is married, has young children, was born in Germany, or is physically handicapped.
We allow the two selection processes to correlate, as is reflected in the error terms
We estimate the selection equation using a bivariate probit (Maddala, 1986) and allow for a structural shift by including the outcome of the first selection process, university education, as a dummy variable in the second step (Heckman, 1978) , with coefficient ι.
Appendix A describes the method. The estimated parametersη 1 ,η 2 , andρ v 1 v 2 then can be used to calculate selection correction terms for the wage equations for academic and non-academic careers as follows (neglecting individual and time indices):
Academic Non-Academic
. Table B3 in the Appendix shows the estimation results for the bivariate probit estimations, separately for men and women. For each gender, the results in the first column refer to the probability of earning a university degree (being an academic), and the second column indicates the probability of working. The estimated value of ρ v 1 v 2 is positive and significant for men, which suggests a positive correlation between education and work decisions, though this correlation is insignificant for women. As expected, better grades in secondary school increase the probability of earning a university degree. Having small children decreases the probability of work participation for women.
Estimation of Expected Wages
For each person in the sample, we must estimate expected net wages for careers with and without a university degree. Separately for the two subsamples of academics (s = 1) and non-academics (s = 2), we regress the hourly gross wages 10 (y g sit ) on a vector of demographic and human capital and work-related variables z wage it :
where θ s is the coefficient vector, the term λ s1 M xy + λ s2 M yx controls for selection (as discussed previously), and u sit is the error term. Conceptually, human capital variables clearly determine gross, but not net, wages, because the latter depend on the tax legislation. Thus, we estimate gross wages here and derive net wages subsequently (see Section 4.5). The variable vector z wage it includes work experience (in years, as level, and squared),
year dummies, 15 federal state dummies, 9 industry dummies, and dummies indicating self-employment, a completed apprenticeship, and current service in an apprenticeship, as well as German nationality, physical handicap, and an intercept. Table B4 in the Appendix provides the estimation results of the wage equations for academics and non-academics, separately for men and women. Wages increase with work experience, reflecting the typical profile. In all earnings regressions, at least one of the selection terms is significantly different from 0; that is, that non-random selection is relevant for the wage estimations.
Estimation of Variance of Wages
In addition to the expectation, we require the variance of wages to estimate the enrollment model. To estimate this variance, we use flexible heteroscedasticity functions of the residual variance from the wage equations. Specifically, the natural logarithms of the squared residuals from the wage regressions are regressed on the explanatory variables of the earnings model z wage it and the selection terms M ab and M cd to control for selection, separately for academics and non-academics:
where e sit is the error term. 11 In contrast with the estimation of a population parameter, this approach allows the predicted second moment of wages to vary not only between academics and non-academics but also with individual characteristics and covariates, just like the predicted first moment.
The results of the variance estimation for academic and non-academic men and women appear in Table B5 in the Appendix. The explanatory variables are jointly significant in each of the four estimations, which confirms the hypothesis that wages are heteroskedastic (Breusch-Pagan test). For academic men, as well as for non-academic women, some of the selection terms are significantly different from zero, but none of them are for non-academic men or academic women.
Forecasting Wage Profiles
For each observation in the sample of high-school graduates, we use the estimated wage and variance equations to forecast individual profiles of the expected value and the vari-11 To obtain consistent predictions for the squared residuals, the predicted values from the log model must be exponentiated and multiplied by the expected value of exp(e sit ). A consistent estimate for the expected value of exp(e sit ) can be obtained from a regression of the squared residuals on the exponentiated predicted values from the log model through the origin. This procedure does not require normality of e sit . ance of their wages over the lifecycle, separately for the two alternatives of an academic versus a non-academic career path. This step is required because the full profiles enter the decision model of university enrollment. For the academic career path, the first five years are assumed to be spent at the university, and students are assumed to receive monetary transfers from their parents or student aid (see Section 2). In the sixth year, the university graduate is assumed to start working, and work experience is increased successively to forecast the complete wage profile. In the non-academic career path, people are assumed to start working right away, and work experience is increased from the first year on. We assume that those who have not yet finished an apprenticeship plan to pursue an apprenticeship during the first two years of their non-academic career path. In the wage and variance equations, we capture lower wages during the apprenticeship with a dummy variable indicating that someone is currently an apprentice (This variable is negative and significant in the wage equation; see Table B4 ). After two years, we assume the apprenticeship is finished. When forecasting the wage profiles, in addition to increasing each person's work experience and adjusting the information about apprenticeships, we assign the marital status and number of children information, as well as industry sectors and self-employment, according to the aggregate distributions, conditional on age and gender.
The end of the individual time horizon occurs at the age of 65 years, the legal retirement age in Germany during the observation period.
Microsimulation Model of Income Taxation
Because individual utility depends on net (after-tax) income, the relevant variables in the enrollment model refer to the expected value and the variance of net wages. To derive the net from the gross wages, we use a microsimulation model of the German income tax and social security system. Based on a taxpayer's gross income, age, region of residence (there are some regional specifics in the relevant laws), and the legislation in the year of observation, the tax model calculates the income tax according to the progressive German income tax schedule, the solidarity surcharge, the social security contributions (i.e., con-tributions to statutory pension, health, long-term care, and unemployment insurance), and finally net income. 12 The flat tax reform scenarios can be simulated by changing the parameters of the income tax schedule.
Because we predict gross incomes for the future of current high-school graduates, the household context (marital status, spouse's income, number of children) and other relevant information, such as extraordinary future expenses at the time when gross incomes will be earned and taxed, are unknown. In this respect, this application of microsimulation differs from others where the full information available in a dataset about the actual current household context, incomes, and expenses, can be used for a full household-specific taxbenefit simulation, as in the tax-benefit model STSM . Here, instead, for simplicity, we assume that the net incomes are calculated for an unmarried person without children, who does not receive one-off payments and does not pay church tax.
The assumption of being unmarried has the same tax implications as the assumption of being married to a spouse at the same income level. Net income is then derived exactly equal to the net income paid to an employee after the deduction of the wage withholding tax, which is equivalent to assuming that someone does not file an income tax report. This procedure takes into account the provisional allowance and the allowance for professional expenses, assuming that actual expenses do not exceed these lump sum allowances. It seems plausible that high-school graduates, who are usually unmarried and in most cases do not yet have children, make similar simplifying assumptions when they calculate their future taxes and social security contributions.
Estimation Results of the Enrollment Decision
Model Table 1 provides the estimation results of the structural enrollment decision model. The four columns provide the results from different specifications of the discount parameter γ, which is set at 1.02, 1.05, 1.08, and 1.1, respectively. In general, the results are not sensitive to the choice of γ. The parameter of risk-adjusted income α is positive and significant at the 1% level.
As expected, higher risk-adjusted returns from an academic career path in comparison with a non-academic career path increase the probability of university enrollment.
The coefficient of the dummy variable regarding the student aid eligibility of the highschool graduate ("Eligible for student aid") is significant and negative. The coefficients for parental education and parental net income are positive, but only the education of the mother is significantly different from zero. All these variables capture the social background of a person and are hard to interpret separately. Student aid eligibility depends mostly on parental income and wealth, which in turn is highly correlated with education.
Together, the results indicate that children from a socially disadvantaged background (i.e., eligible for student aid, low parental income and education) are less likely to enroll at a university. This assertion is consistent with the existence of credit constraints, but it could also indicate that better educated and richer parents are able to provide more immaterial support, encouragement, and insurance to their children. † : 10% * : 5% * * : 1% Notes: Robust standard errors are in parentheses Other control variables are year dummies, regional dummies, most recent grades in math and German, one sibling, more siblings, and highest intended degree at age 17. See Table B6 .
Gender differences are captured by the "male" dummy, as well as its interaction with the dummy variables indicating the time elapsed since high-school graduation. The results
show that men exhibit a lower enrollment probability in the first year after high-school graduation but a higher one in the following years, which reflects that German young men often serve a mandatory military or alternative civil service term immediately after their high-school graduation.
The estimated coefficients of the additional control variables, in Table B6 , indicate that good grades at the age of 17 years have a positive effect on the probability of university enrollment. The same holds for the variable indicatig if a future high-school graduate had the intention at the age of 17 years to obtain a university degree in the future. This variable might capture preferences for certain career choices that form at an earlier age.
Because our estimates are not sensitive to the choice of γ, in the following we focus on the estimates derived using the specification for which γ is 1.05. We conducted all the calculations and simulations for the other choices of γ as well and consistently find very similar results, which are available from the authors upon request.
At the mean values of the explanatory variables, the estimated hazard of university enrollment for a high-school graduate in the sample in a given year is 35.1%. The cumulative probability of enrollment after five years is estimated to be 70%. These numbers do not significantly differ from official statistics, which report an average yearly university enrollment rate of 37% of a German high-school graduate and reveal that 75% of the graduates enroll within five years of leaving high-school (Statistisches Bundesamt, 2007) . estimate very similar probabilities on the basis of a non-structural model of university enrollment, also using SOEP data.
Based on the estimated structural model, we can calculate how much the enrollment probability reacts to a change in the expected value or variance of net wages in the academic or non-academic career path. Table 2 shows the estimated changes in the average and cumulative enrollment probabilities that result from a 10% increase in the respective variables. The average changes in the yearly enrollment probabilities are calculated by predicting the estimated hazard rate for each observation in the sample before and after changing the income variables. Likewise, the average changes in the cumulative enrollment probabilities (five years after high-school graduation) are calculated after evaluating the cumulative failure function, which is derived from the estimated hazard rate model, for each observation in the sample. Increasing one of the income variables or the variances leads to significant changes in the enrollment probabilities. All reactions have the expected sign, which indicates that higher expected net wages as an academic attract people to enroll in a university, but the higher income variance for academics deters people from doing so.
A 10% rise in expected net wages for academics increases the cumulative probability of enrolling by 6.7 percentage points, if the net wages for non-academics and the variance in both career paths do not change. A 10% rise in wages for non-academics decreases the probability by 4.4 percentage points, ceteris paribus. The elasticities are not equal in absolute terms because of the different mean variances in the two career paths. If the wage variance in the academic path increases by 10%, the enrollment probability decreases by 0.14 percentage points, everything else being equal. An increase in the wage variance in the non-academic path leads to an increase in the enrollment probability by 0.09 percentage points.
Simulation of Flat-Rate Tax Reform
As shown in the previous section, expectations about future net income influence the university enrollment decision. Therefore the estimated structural model can be applied to simulate the effects of tax policy scenarios on university enrollment. As an illustrative example, we analyze the effects of two revenue-neutral flat-rate tax scenarios. Flat-rate taxes have been widely discussed in Germany; Kirchhoff (2003) , Mitschke (2004) , and the Council of Economic Advisors to the Ministry of Finance (2004) all have presented proposals for tax policy reforms with (almost) flat-rate schedules.
In the strictest sense, a flat tax is a uniform tax rate on the total tax base. In practice, a flat income tax rate is usually combined with a basic tax allowance, which leads to an implicitly progressive tax schedule. Thus, if the tax base is left unchanged, a flat-rate tax policy can be defined by two parameters, the uniform tax rate and the basic allowance. assuming that there are no behavioral responses such as labor supply reactions. In the scenario "Low-Low" (LL), the basic allowance remains unchanged at 7,664 EUR, and the tax rate that establishes revenue neutrality is 26.9%. In the scenario "High-High" (HH), a higher basic allowance of 10,700 EUR and a higher revenue neutral flat tax rate of 31.9% are chosen. 13 Scenario HH is implicitly more progressive than scenario LL because of its high basic allowance. Thus, it is more similar to Germany's current progressive tax schedule, whereas in scenario LL effective tax rates are significantly flatter.
The aim of this section is to estimate the effects of the two flat tax policies defined by The results are presented in Table 3 along with the tax parameters that define the 13 The distinctive feature of scenario HH is that it does not change the Gini index of inequality compared with a situation without the reform, according to the simulations of Fuest et al. (2008) , again without behavioral responses. This is explained by the high basic allowance, which reduces taxes for low income people. The Council of Economic Advisors to the Ministry of Finance (2004) suggested a similar (but not revenue-neutral) flat tax with a basic allowance of 10,000 EUR and a tax rate of 30%.
14 This is after the full implementation of the Tax Reform 2000, which reduced the general statutory income tax rates and simultaneously increased the basic tax allowance in three steps between 1 January 2001 and 1 January 2005. The top marginal income tax rate dropped from 51% in 2000 to 42% in 2005, the lowest marginal tax rate from 22.9% to 15%, and the basic allowance increased from 6,902 EUR to 7,664 EUR (for an unmarried individual); see also Fossen (2009). scenarios. In the baseline scenario (first row), the average yearly probability of university enrollment is estimated to be 32.0% for female and 31.6% for male high-school graduates. 15
The model accounts for gender differences by employing gender-specific baseline hazards, and the other explanatory variables control for different endowments.
We focus on the simulation results for the flat tax scenario LL first, which leaves the basic tax allowance unchanged. The results indicate that scenario LL makes university education more attractive for male high-school graduates. The average yearly probability of enrollment for young men significantly increases from 31.6% to 33.1% (+1.4 percentage points). The cumulative probability of enrollment five years after high-school graduation also increases significantly by 1.8 percentage points, which corresponds to a relative increase in the cumulative enrollment probability by 3.1%. The change in the cumulative probability is directly relevant to policy, because it indicates how much the share of men who decide to study at all would increase (very few people enter university later than after five years after their high-school graduation). The simulated effect of scenario LL on young men contrasts with the effect on young women. The flat tax scenario significantly decreases womens' average yearly probability of university enrollment by 0.8 percentage points. There is no significant effect on the female cumulative enrollment probability, however. Scenario LL may thus induce female high-school graduates to enter university less quickly, but would not significantly decrease the number of female university students in the long run.
What explains the different effects of the flat tax scenario on male and female highschool graduates? The revenue-neutral flat tax reform has two opposing effects. First, the tax burden decreases for higher and increases for lower incomes (above the allowance), so an academic career path becomes more attractive (incentive effect of taxation). Second, the variance of net income increases with a flat tax, which is especially relevant for academics, who face higher income risk. This effect discourages potential students from an academic career, as it becomes more risky (risk-sharing aspect of progressive taxation).
The simulation results indicate that for men, the positive incentive effect of the flat tax outweighs the negative risk-sharing effect. For women, it is the other way round. This is explained by men's higher wages, especially in the academic career path. The spread between academic and non-academic average predicted gross wages is 9.11 EUR for men but only 5.93 EUR for women (see the bottom of Table B4 ). Because the flat tax reduces the tax rates for higher incomes, for men, incentives for an academic versus a non-academic path increase more than for women. In contrast, the spread between the log(variance) of gross wages in the alternative career paths is 0.89 for women and only 0.76 for men (Table B5 ). The flat tax increases the variance of net wages, and this discouraging effect is stronger for women.
Scenario HH combines a flat tax rate with a basic tax allowance that is almost 40% higher than in the baseline scenario. It thus not only decreases the tax burden for high income people, but also for low income people who benefit from the higher allowance. As the reform scenario is revenue-neutral, people at intermediate income ranges pay more taxes than in the baseline scenario. The simulation results indicate that scenario HH has no significant effect on young men's university enrollment, whereas for young women, enrollment decreases somewhat, and the decrease is statistically significant. The average yearly enrollment probability of female high-school graduates decreases by 0.4 percentage points, and the cumulative enrollment probability after five years by 0.5 percentage points, which corresponds to a relative decrease by 0.7%. In this scenario, the disadvantage of the flat tax in terms of higher income risk offsets or even outweighs the incentive effect.
Especially for women, who have lower wages than men, the high basic tax allowance in this scenario makes the non-academic career path relatively more attractive. The different results for the two flat tax scenarios highlight the importance of clear definitions when talking about a flat tax.
To illustrate the simulation results, we use Figure 1 to depict the development of the cumulative enrollment probabilities in the different tax scenarios during the first five years after high-school graduation, separately for men and women with average observed characteristics.
Conclusion
We estimate a structural microeconometric model of university enrollment, in which highschool graduates decide to enroll according to their comparison of the present value of the discounted utility from career paths with and without a university degree. Utility in each future period depends on not only expected income but also income risk. The expected value and the variance of wages in the two alternative career paths are estimated individually, taking into account non-random selection based on multiple correlated criteria.
The estimation results are consistent with expectations. Higher risk-adjusted expected wages as a university graduate, relative to the alternative, increase the probability of enrollment. The Arrow-Pratt coefficient of constant relative risk aversion, which is included in the structural model as a parameter, is econometrically estimated to be approximately 0.1 and statistically significant. Thus, high-school graduates are risk averse, though to a low degree, potentially because of their young age. Consequently, a higher variance of net wages for academics, ceteris paribus, discourages high-school graduates from pursuing tertiary education.
In contrast to the existing literature considering earnings risk, this analysis acknowledges that after-tax income is relevant for the decision to acquire tertiary education and takes taxation explicitly into account. Both the incentive effect of taxation -through its impact on the earnings differential between academic and non-academic career pathsand the risk-sharing effect -through its impact on earnings risk in the two alternativescan be analyzed simultaneously. This method allows us to apply the estimated structural model to simulate the effect of tax policy reforms on university enrollment.
We apply the estimated model to simulate the effects of two hypothetical revenueneutral, flat-rate tax scenarios on university enrollment in Germany. The simulation results indicate that a revenue-neutral, flat tax scenario with an unchanged basic tax allowance would significantly increase the cumulative probability of university enrollment for male high-school graduates by 1.8 percentage points (five years after high-school graduation), which corresponds to a relative increase of 3.1%. For men, the positive incentive effect of the flat tax reform thus outweighs the negative insurance effect. Because of women's lower expected wages though, the simulated flat tax scenario with an unchanged basic allowance would not have a significant effect on the cumulative enrollment probability of female high-school graduates.
The policy debate about taxation and tertiary education focuses primarily on the effect of relative levels of net income on incentives for education. However, the findings from this study suggest that it may be just as important to consider the relative after-tax income risk associated with academic and non-academic career paths.
Deutscher Bundestag (2007) 
where a person earns wage y 1i if she has a university degree and is working:
whereas a person who has no university degree and is working is observed with wage y 2i
When incorporating the selection process, which is described by equations (14) and (16), into the wage equations (20), we derive the following conditional expected wages:
The two decisions -to obtain a university degree and working -are allowed to be corre-lated. The correlation is reflected in the error terms (cov(v 1 , v 2 ) = ρ v 1 v 2 = 0). The error terms are assumed to have a normal distribution with zero mean and var(v 1 ) = var(v 2 ) = 1 (in addition, person indices will be neglected in the following), Following Maddala (1986) , the second term on the right-hand side of equation (23) can be expressed as:
where
with a, b = 1, 2 and a = b
According to Rosenbaum (1961) the truncated bivariate normal distribution can be solved numerically, which leads to:
where φ is the standard normal density function, Φ denotes the standard, and Φ 2 is the bivariate normal cumulative distribution. Controlling for the selection terms, the wage equations can now be expressed in the form of equation (18). 
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